Purpose: To evaluate the suitability of treating atypical fibroxanthoma (AFX), an uncommon skin malignancy, with electronic brachytherapy.
Purpose
Atypical fibroxanthoma (AFX) is an uncommon skin tumor of variable but usually moderate grade malignancy, presenting typically on the scalp of chronically sun exposed skin in elderly white males and skin previously treated with radiotherapy. It is now commonly grouped with malignant fibrous histiocytoma (MFH), with which it shares similar immunohistochemical, histological, and clinical presentation characteristics. Atypical fibroxanthoma and MFH are considered by some authors to represent a type of undifferentiated pleomorphic sarcoma, lacking its more aggressive behavior [1] . The common detection of UV-induced p53 genetic mutations suggest sun exposure as a likely etiology of AFX [2] .
Typical presentation is a rapidly growing fungating lesion clinically similar to that seen with poorly differentiated squamous cell carcinoma, keratoacanthoma, or MFH. Dermatologic surgery has traditionally been the first line of therapy for AFX, with a local post-operative recurrence rate of 5-25% [1, 2, 3, 4, 5, 6, 7] . Recurrences present rapidly, 7.3 to 24 months post-operatively [2, 8, 9] . The literature cites an improvement in local control as well as no improvement in local control with Mohs micrographic surgery, when compared to standard excisional surgery [3, 5] . The high local recurrence rate may be due to inadequate margins as micrographic surgery in one series has been shown to have a better local control rate, compared to standard excisional surgery, although patient numbers were small and survival was not improved [3] . Another larger series with review of the literature showed no improvement in either local control or survival with micrographic surgery (Mohs microsurgery) compared to wide local excision [5] .
The AFX metastasis rate after surgery is around 1-4% and is associated with large tumors, tumor necrosis, vascular, and deep invasion [3, 4, 5, 8] . These metastatic tumors histologically resemble AFX, but may represent misdiagnosis and may conceal a more aggressive neoplasm, such as squamous cell carcinoma, malignant melanoma, or MFH [3] . A PubMed search to 1970 disclosed no literature on the use of radiation therapy as primary treatment for AFX, and no contraindication to the use of radiations for AFX [2, 6, 10, 11] . Because of the lack of contraindication to the use of radiations in the literature, we elected to treat AFX with electronic brachytherapy. Patients were treated with a similar dose fractionation schedule used for nonmelanomatous skin cancer (NMSC); 5 Gy twice a week for four weeks treating to the skin surface with 50 kv radiations [12, 13, 14, 15] .
To our knowledge, this is the first report in the literature on the use of radiation therapy as curative primary treatment for AFX.
Material and methods
From February 2013 to September 2014, we were referred a total of 8 cases of biopsied AFX in 7 elderly white males and all involving sun exposed scalp. Atypical fibroxanthoma pathology was confirmed by university dermatopathologists in 4 cases, a national dermatopathology laboratory in one, and by the referring dermatopathologist in two.
Lesions were biopsied by shave technique. Punch biopsy was not used, and therefore measurement of depth of lesion was not possible. Consultation with each co-author confirmed that the lesions each presented as a fleshy protuberance, and were shaved via hand held flexible blade flush to the skin surface, leaving bulk disease beneath the level of the epidermis.
All lesions had therefore been surgically rendered flat with bulk disease present below the skin surface at the commencement of radiation therapy, with one exception. This one exception, which was irradiated with visible and palpable tumor above the level of the epidermis, was the sole lesion that recurred. All of them were treated with electronic brachytherapy 50 kV radiations (Xoft Axxent ® , Fremont, California, USA). All lesions received 40 Gy in two fractions per week treated to D max . Margins ranged from 4 mm to 11 mm. Cone size varied from 20 mm, 35 mm, and 50 mm with most lesions treated with the 35-mm cone ( Table 1 ). All patients were treated at the referring dermatologists' office, which permitted close collaboration between the radiation oncologist and the dermatologist in delineating field margins and evaluating amount of residual tumor post biopsy.
Recent technological advances have resulted in the miniaturization of a 50 Kev X-ray source tube (Xoft Axxent ® San Jose, California, USA). The source catheter fits into the stainless-steel cone applicator, which is available in several different sizes, allowing treatment of lesions up to 4.5 cm in diameter. The applicator contains a flattening filter at the apex of the cone, which ensures even dose distribution across the lesion surface. The applicator has a plastic end cap contacting the skin to ensure a flat skin surface for dose homogeneity. The low source energy of 50 Kev in conjunction with the steel shaft eliminates heavy shielding requirements, allowing treatments to be given in any unshielded room. Dosimetry studies have documented the homogenous nature of the X-ray photons generated by the device and the substantially lower doses delivered to surrounding tissues as compared to the doses reached by 192 Ir (350 KeV) brachytherapy [16, 17, 18, 19] .
The stainless-steel applicators are applied over the skin after selecting the appropriate size applicator based on the size of the lesion. The applicator is held in place with the multi-jointed arm assembly with the end cap contacting and flattening the skin surface, with the patient in a comfortable position. Following quality assurance checks, the X-ray source is activated and radiation treatments are delivered and monitored by the computerized controller. The average treatment time is 2-3 minutes. Most skin sites can be treated with the patient seated comfortably upright. Because the source is encased by the stainless-steel applicator during the treatment, the only exit for the X-rays is directly onto the skin. 50 Kev X-rays are low energy and have a half value layer of 5-6 mm of water. At 5-6 millimeters of tissue depth, the radiation dose has fallen by half, so tissues underlying the skin receive minimal radiations. Scattered radiations are absorbed by the stainless-steel applicator, so the radiation therapist can remain in the room with the patient during the entire treatment to ensure that there is no shift of the applicator. Close real time supervision of treatment permits applicator selection to more tightly match lesion contours and therefore decrease the amount of normal tissue irradiated.
Results
As of August 2016, there has been one local recurrence. This was the only lesion that was not debulked surgically prior to electronic brachytherapy. Recurrence rate is 12.5% at 23.7 month's average follow-up. Recurrence rate is 0% for debulked lesions. Risk of recurrence is mitigated with surgical debulking prior to brachytherapy. All patients displayed RTOG grade 1-2 acute toxicities (erythema and patchy moist desquamation), which resolved completely with petrolatum based topicals. Chronic RTOG skin toxicities were limited to 0-1 (mild hair loss, mild pigmentation change, no telangiectasia) in all cases (Figures 1 and 2 ).
Discussion
Electronic brachytherapy appears to be a safe and effective treatment for AFX after debulking surgery, even where gross tumor remains. The results of this report of electronic brachytherapy appears comparable to those reported for surgical excision. Multiple excisions, skin grafting, and extensive wound care are avoided in elderly patients with AFX by the use of electronic brachytherapy. Risk of recurrence appears markedly decreased with surgical debulking prior to brachytherapy. Optimal dose fractionation schedules for skin malignancies treated with electronic brachytherapy continue to be investigated [3, 20, 21] . Electronic brachytherapy appears to be an acceptable alternative to surgery for gross AFX, although longer follow-up is needed to confirm equivalence to reported surgical results.
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